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INTRODUCTION

The purpose of this report is to present a summary of the off-nominal
phase V-2 certification testing results conducted on the SRB TVC subsystem,
dedicated to the technical evaluation of this flight system.

The TVC subsystem (figure 1) was subjected to 19 off-nominal test
conditions. This test sequence consisted of: 8 burp starts (APU fuel locked
tests), 30 hot firings (27 completed), 14 GN. spin tests, and 3 servicing-
passive system tests (actuator off-null, and‘FSM pressure decay tests). Hot
firing time totalled 3560 sec (26 starts) for rock svstem, and 3993 sec
(30 starts) for tilt system. GN, spin time reached 1989.5 sec (10 starts)
for rock system, and 2183.5 sec (13 starts) for tilt system. Table 2 presents
a summary of the V-2 off-nominal test sequonce.

The actuator gimbal programs used in the off-nominal tests were B (GN2

spins only), C2, D, and N*. Figures 2 through 5 show the proviles used
in all these runs.

Table 1 presents the part and serial numbers for the hardware empioyed
in the tests.

In summary, the TVC subsystem operated nominally in resporse ty the
given commands and test conditions. All objectives were accomplisiec wiik nuo
component or system malfunction encountered.



Hardware Configuration:

TABLE 1

HARDWARE IDENTIFICATION
V-2 OFF NOMINAL TESTING

Orawing No.: 13A10180, Rev. 4

Components :

APU

Hydraulic Pump
Hydraulic Manifold
Hydraulic Reservoir
Actuator

FSM

3Y'

(heck Vailve/
filter Assembly

Quici. Disconnects
(1§ ¢f them)

Hand Valves

13A10010
13A10038
13A10037
13A10036
16A03000

~R
F5AL0009-1

13A10041

13A10042

13A10050

20M85007-1

Ver fication Hot Firing Assembly

System A

S/N

102
156850
004
0008
004
004

6002
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FUEL SYSTEM PRESS.RE DEC:Y TEST 1

OBJECTIVE

To demonstrate the standby capacity of the fuel system.

To obtain the GN2 pressure variations due to temperature
changes inside the fuel system.

RESULTS

The fuel system (FSM and associated lines between the service panel
and the fuel isolation valve) was pressurized to 400 +0/-25 psia for 11
days. The data obtained from the test aemonstrates the ability of the fuel
*:}stem to contain the above pressure level for the 9-day <tandby period
prior tc the Shuttle launch. (See table 3.) This data also re‘lects
the temperature-pressure relationship. (See figures 6 and 7 ) N
insulation was used in the FSM; therefore, the temperature readings in the
N2H4 bottle compare favorably with the ambient temperature. Hardwcre
from the verification configuration V-2 was used for this test; consegquently,
the 1ine routing in the fuel system was slightly different to the flight
configuration. Table 4a shows thc oressure variations at a constant
temperature (68°F) for different days. Table 4b  also shows the pressure
variations at 75°F,

n
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DAY

9/14/79
9/17/79
9/19/79
9/20/79

DAY

9/13/79
9/19/79
9/21/79

TABLE 4A
FUEL SYSTEM PRESSURE DECAY TEx -

PRESSURE AT 68%
ROCK SYSTEM
375
375
377
375
TABLE
FUEL SYSTEM PRESSURE DECAY TEST 1
PRESSURE AT 75%F
ROCK SYSTEM
384
386
386

14

TILT SYSTEM

367
363
NA
363

TILT SYSTEM

375
373
373
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APU FUEL LCCKED TESTS

OBJECTIVES

To determine tne _c:-sequences of opening the APU secondary speed control
valve during a valve leuk check with pressurized hydrazine locked between the
fuel isolation and APU seccndary speed control valves; and APU primary
speed and secondary speed control valves.

TesT SEQUENCE

Test 1 (P037-277) For this run, the fuel was locked between the APU secondary
speed control valve, and the fuel isolation valve. (See
figure 8.) The fuel system's pressure was 20 psig.

()

Test 2 (P037-278) Repeat of test 1.

Test 3 (P037-279) Same as test 1, except that system's pressure was 400 psig.
Test 4 (P037-280) Repeat of test 3.

Test 5 (P037-281) For this run, the fuel was locked between the APU primary
speed and secondary speed control valves, with the APU
primary speed control valve in the closed position. (See
figure 8.) The fuel system's pressure was 20 psig.

Test 6 (P037-282) Repeat of test 5.

Test 7 (P037-283) Same as test 5, except that system's pressure was 400 psig.

Test 8 (P037-284) Repeat of test 7.

17



RESULTS

A series of tests was run simulating an inadvertent secondary speed
control valve cycling during the APU control valves leak check. During
these runs, pressurized hydrazine was locked between the fuel jsolation
valve, APU primary speed control valve, and APU secondary speed control
valve.

During tests 1 and 2, a sound similar to a relief in pressure was
heard following the opening of the APU secondary speed control valve. No
turbine speed was reflected in the data. It was probably too insignificant
to overcome the allowable noise in the reading. There was a slight increase
in gas generator bed temperature caused by the hydrazine reaction in the gas
generator chamber. (See table 5.) Consequently, the turbine exhaust
temperature increased mildly (3 to 4 degrees). This was the result of warm
gas Teaving the APU through the exhaust line. The increase in gas generator
pressure rose when the valve opened. The pressure increased almost
instantaneously to 15-20 psig, (the original pressure level in the fuel
system), and then decreased to zero psig 2.5 seconds later.

A sharper, penetratirg sound was emitted in tests 3 and 4. Although, the
data showed no signs of turbine speed. The increase in gas generator

temperature was slightly more than in tests 1 and 2. (See figure 10 .)
The turbine exhaust temperature also experienced this rise. This means that
more hydrazine entered the gas generator chamber. This was expected because
of the higher pressure in the fuel system. The fuel capacity downstream of
the fuel isolation valve is approximately 11.27 in3. The chamber pressure
increased to 60 psig almost instantaneously and decreased to zero psig

3 seconds later. This higher reading was caused by the 400 psig pressure
setting. There was no indication of pressure rise due to hydrazine reaction
in the gas generator chamber during this run.

q £ IS
ORIGINAL PAGE 12
oF POOR QUATITY
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For tests 5 through 8, no reaction was present. The data showed
no signs of pressure or temperature increase due to hydrazine decomposition
in the gas generator chamber. The amount of fuel used in these tests was

approximately .028 in3.

Each of these tests lasted around 2.5 seconds when the turbine
underspeed redline became active. The rock APU and fuel system of the
verification testing hardware V-2 was used in these runs. Figures
11 and 12 show the transient data for selected tests.

19
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TABLE 5
APU FUEL LOCKED TESTS
APU TEMPERATURE BEHAVIOR

GAS GENERATOR TEMPERATURE (°F)
AT START 10 SEC, LATER
TEST 1 222 237
TEST 2 255 267
TEST 3 275 291
TEST 4 288 306
TEST 5 234 234
TEST 6 230 230
TEST 7 230 230
TEST 8 220 220

TURBINE EXHAUST TEMPERATURE (°F)

START M T CUT QOFF
TEST1 77 80
TEST 2 75 79
TEST 3 77 82
TEST 4 76 83
TEST 5 79 79
TEST 6 77 77
TELT 7 78 78
TEST 8 77 77

NOTE: LUBE OIL TEMPERATURE REMAINED CONSTANT THROUGHOUT
EACH TEST (75—80°F)
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LOW RESERVOIR LEVEL "ESTS

OBJECTIVE

To demonstrate the hydraulic svstem's reaction to possible conditions
createu by addition of hydrauiic «ccumuiators to the TVC subsystem.

RESULTS

The low hydraulic resarvoir level test 1 (P037-286) and test 2 (P037-287)
were conducted, without any major anomalies, on September 25, 1979. The first
run (test P037-285) waS aborted because of electronic problems after 7.5 seconds
of firing time. Once the problem was corrected, the test was repeated with no
difficulties. The reservoir level was set to 50 PCT (rock) and 40 PCT (tilt) for
the first firing; and 30 PCT (rock) and 10 PCT (tilt) for the second.

The average hydraulic temperature rise was higher for these tests than in
previous runs as a result of less hydraulic fluid in the system. This increase
in temperatur rise from 14°F in normal conditicns to 25°F in low level conditions
was not detrimental to the systems operation. Changes in recervoir level reflected
the increase in hydraulic temperature for these tests. (See figures 13 and 14 .)
The expected level drop during initial hydraulic supply pressure buildup was
similar to that observed in rominal tests and the reservoir piston never came close
tn bottoming out. The hydraulic supply pressure oscillations remained unchanged
throughout this run. (See figures 15 and 16 .) The data showed only a slight
increase in pressure spikes amplitude during the frequercy response period for the
manifold pressure in tilt system. No variations in the number of pressure surges
were found. The reservnir pressure spikes remained at the same level of previous
hot firings where the reservoir level was set at 70 + 5 PCT. (See figures 17 and
18.) Figure 28 presents a detailed area of the N* gimbal program to correlate
with the hydraulic pressure cransients shown in figures 15 through 19.

25



V-2 hardware and the N* gimbal pregram were .:% “::d in these
runs. Table 6 shows the temperature and level variatic-: "o both tests.
Sigure 19  shows  the return  pressure transients at a common time
2e-iod for these tests. The temperature readings were taker a- the reservoir.

AL P AGE 18

‘-'~.~‘ LR QUAT.
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TEST 1 {PO37-286)
TEST 2 (PO37-287

TEST 1 (PO37-28E)
TEST 2 (PO37-287)

TABLE 6

LOW HYDRAULIC RESERVOIR LEVEL TESTS

RESERVOIR PERFORMANCE

RESERVOLR LEVEL (PCT)

ROCK

START MIN MAaX
a6 a3 48
31 29 33

TILT

MIN

35

HYDRAULIC FLUID TEMPERATURE (°F)

71-95 %F
74--100 °F

NOMINAL RUN TEST P037-291!

RESERVOIR LEVEL (PCT)

ROCK
START MIN MAX
n 68 72

NA
NA

HYDRAULIC FLUIO TEMPERATURE 1°F)

54-71°F

27

63-83 %F

MAX

73



€L 271INOid

(038! IWIL
— O’RL 081 ovL ozt 001 08 09 oy 0z 0
gmN
105
13AIT HIOAYISIY ===
dW31 QINT4 DIMNVHOAH =
{s¢
]
/A
s
" WiooL
-~ \\.\\\.\ s
‘\ ’,""Il"“‘l‘i
1521
WILSAS MD20H
T3IATT HIOAHISIH ANV IHNLYHIdWIL GiNT4 DITNVHAAK
NNY 13A37T HIOAHISIH MOT
05t

98¢ -£L£0d 1S31

{do) IHNLVYHIIWIL QINT4 DITINVHAAH

TIAIT HIOAHISIY DITNVHAOAH

28



1 3HNOIA

182—LE0d 1S3L

{03S) INIL
o8t 0ol ovt 0zt 0oL 08 09 ov 0z 0
™ \ ~Y T v T Y ~T
462
- “
- IIIIIlIl.l'lllllunl‘..l‘ll‘
-~ \““ N s s -
\\\ /l\\!.\-ca 108
mms
Hoot
T3A3T HIOAHIS3IY =77
dW31 aINT4 NINVHOGAH
AWNP
W3 LSAS M¥O0H
TIAIT HiOAHISIH ONY JHNLVYHIINIL AINT4 J1TNVHAAH
NNY 13A37 HIOABISIH MO Jost

{dg) IHNIVHIAWIL AINTd DITNVHAAH

{13d) I3A3T HIOAHISIY DITNVHAAH

29



G1 3I4NOI )

(134 0E) NNY TIAIT HIOAHEISIYH MO
{87 (£0d £S31

o521
|
- 0052
w\\ﬂ{ r:r\‘pl\)lan‘\|5,\\xp\y);‘ﬁic\)11‘|-l\-,z\\):L:z\).ylx-n\ralfv\s\zr.l.a\;:';;so;‘||.1;¢1s‘s;11¢\\’:1;1;\\:1x:s\\:llnl\q
w i - os¢c
! | 4
! H RS SRS NERUINPS RN DRSS SIS SR S S - U S ....NM.. - S A S |i,w: Y. ‘Lr 0015
Y uumm@~ mwmnN 235552 235 5z

(134 %) NNY 13A3T HIOAYISIY MDD

987 iE0d 1531
0sit

TN Y Y Y

- 0052

(91Sd) 34NSSIHd

ﬁemnm

_ 000S

SWoot

(134 G+ 0L = 1IA3T HIOAHISIYH] NAY TYNINON

162-(£04 1S31
oszt

T.L)lt)\(la\lﬂ(k}\(t)\.)\ﬁl\(’\((\)\({ ”»

- 0052

000S

S1S31 713A37 HIOAH3ISIH MO
JHNSSIHA A1ddNS AINT3 JITNVHAAH %304

{91Sd) 3UNSS3IY

(91Sd) 3UNSSIYd



91 3HNVIA (L34 01) NNY TIAIT HIOAHISIY M0
L8Z-1£0d 1531

| 052t
_ -
m
- 00§ ]
c
D
m
- 056 3
e
_ ones
A a ) ) 2
23S (2 238502 23892 238652 2385z
{124 0O%) NN% 13A3T J1I0AYISIY MO
982 (€04 1531
szt
-
D
- 9052 m
[ —4
il <? “
L osie B
2]
pet
0005
B e
SW 001
(134 57 C1 = 13A37 HIDAHISIH) NNY TVNINON
16Z-LE0d 1531
— 0521
-
 oosz
sz @
[
33%{)% -
m
-0SLE 3
o
| 0005

S1S31 13AIT HIOAH3S3H MO
FHNSSIHD ATddNS AINT4 JITNVYHAAH LW



L1 3HNOI4

"SW 001 ——=]

1S4 m_oﬁ
‘Ud 0104INYS L1

WMAAANAA

‘238 —

9S4 STT 99

‘U4 TYNIWON 1S4 §9

|

A 15408 § 8154027 9 \
3 | !
84 0104V 304 ¥4 TVNINON 15¢ 59
L} ey {b W A A P e ot s o e oy
918467 89 /S
'ud WI0AH3STH J1TINVHOAN 1111 \
"Ud TYNINON 1S4 18
o ] 915457 9 \
"4 HIDAYISIH JIINVEGAK N20Y "Yd TYNINON 9154 £9
] | _ |
QWN 235392 o 23§85z u%w

13dov 111
10d S¥ JO0H

NNY 13A3T HIOAHISIY MO

98Z—LE0d 1S31

HOIAVYHIE JHNSSIHL NHN13Y



8L 34NOI4

33

Y
_ ( ) ) 91S4 025 59
P 154067 1Sdse ¢
‘Hd G104INYIN 111 ‘Hd TYNINON SISd 99
]
[
SN 00| ——f g
_ ‘9381
2}5\.?5\5\( A\ AN
1S4 827 9154 025 59
ISd§57 ! ]
‘Hd GT10JINVIN XI0H Hd TYNINON 91Sd 59
‘ g A g
9154 S 3 59 \
"Hd HIOAHISIY JIINVHOAH L1 ‘44 TYNINON 9154 £9
Y'i." gy, s
915457 9
"Hd HI0AY3SIY JIINYHAAH ¥I0H ‘44 TYNINON 51S4
SW 1z 938592 uwwz 335662 33562

13401 L7110

12d O0€ %20Y

NNH T3A3T HIOAHISIH MO

L8ZT—LE0d 1531

HOIAVH38 3HNSS3IHd NYNL3Y



TEST POIT-288

LOW RESERVOIR LEVEL TEST 1
HYDRAULIC RESERVOIR AND MANIFOLD PRESSURE TRANSIENTS
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HIGH HYDRAULIC RESERVGIR LEVEL TESTS

OBJECTIVE

To demonstrate the hydraulic system reaction to overfill conditions
in the TVC subsystem hydraulic reservoir.

RESULTS

The high hydraulic reservoir level test 1 (P037-288) and test 2
(P037-289) were successfully conducted on September 28, 1975. The level
for the first test was set at 85 PCT {rock) and 90 PCT (tilt); and at
90 PCT (rock) and 95 PCT (tilt) for the second run. The low pressure
relief valve in the hydraulic manifold was left uncapped to prevent any
damzge in the reservoir in case of an unexpected overfilled condition
(more than 100 PCT) during the hot firings.

The data showed no signs of aﬁomalies as a result of the greater
amount of fluid in the hydraulic system. The hydraulic fluid temperature
increased slightly less than in nominal hot firings. The reservoir level
rose less than in nominal tests because of the lesser fluid temperature
rise and the low pressure relief valve being uncapped. (See figures 20
and 21.) The hydraulic supply and return pressure oscillatioms remained
unaffected by the higher reservoir level. (See figures 22 and 23.)

These runs used V-2 test hardware and the N* gimbal program. The
temperature and level variations for both tests are shown in table 7
Figures 24 through 27 show the pressure transients during common time
periods for both tests. Fiqgure 28 presents a detailed area of the N*
gimbal program to correlate with the hydraulic pressure transients shown
in figures 22 through 27.



TABLE 7
HIGH HYDRAULIC RESERVOIR LEVEL TESTS

RESERVOIR PERFORMANCE

RESERVOIR LEVEL (PCT)

ROCK

TLY
START MIN MAX START MIN MAX
TEST 1 (PO37-288) 84 82 84 90 86 88
TEST 2 (P0O37-289) 90 88 90 95 92 a3

*LP RELIEF VALVE WAS LEFT OPEN DURING THESE TESTS

HYDRAULIC FLUID TEMPERATURE (°F)

TEST 1 (P037-288) 68-82 °F

NA
TEST 2 (PO37-289) 74-30 °F .

NA

NOMINAL RUN (TEST P037--291)

RESERVOIR LEVEL (PCT)

X

8

x
-

-

M.
START MIN MAX START IN

MAX

n 68 72 72 89 3

HYDRAULIC FLUID TEMPERATURE (°F)

54..71 %¢ 63-83°F
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TESY PO37-200

HIGH RESERVOIR LEVEL TEST 2
MYDRAULIC RESERVOIR AND MANIFOLD PRESSURE TRANSIENTS
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POSITION (DEG)
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PUSITION (DEG)

POSITION (NEG)
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LOW FSM PRESSURE TESTS

OBJECTIVE

To determine the effect of low FSM pressure on APU and TVC
subsystem operations.

ResuLTs

Five low FSM pressure tests were run on both systems. (See
table 8 .) No abor*s or velated problems resulted from this
condition. The data showed no anomalies or deterioration in performance
that could be damaging to the system.

A longer APU start period occurred as expected, as a (irect result
of the lower FSM pressure. These tests proved that this cordition was
not detrimental to the system for starting pressures of 150 psig and above.
Table 9 and figures 29 through 32 indicate the trond prevalent
in this sequerice. Figures 33 and 34 present the effect of the Tow
FSM pressure upon the APU starting sequence and the hydraulic system
bypass valve closure transient tor selected tests.

The turbine speed was not affected at FSM starting pressures of 350
and 300 psig. At 250, 200, and 150 psig FSM pressure, the speed band
remained the same, but it shifted down a few hundred rpm (the maximum shift
was 500 rpm at 150 psig). Also, curing high load periods at 150 psig, the
turbine speed dipped another few hundred rpm, but the speed band stayed
within the allowable limits. (See figures 35 through 38 .)

There was no significant change in gas generator and fuel pump outlet
pressure. The nominal maximum pressure decreased by 25-50 psi between the
first and last test. (See table 10.)

TCEDING PAGE B ANR ROT FILMED
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he percent of time tne primar; c¢- 00 VA 'ng these

rors increased with a lower FSM precctur-  "re o w*nge from

¢J.6 percent for 350 psig tu 24.5 percen: for 15U .- .vart pressure
rock system. This was due to the sti-iing per:.2 -« .+ i, and the

additional power required to maintain the ncuainal sz¢ . .. . during the

hot tiring.

No change in gas generator temperature increas> :a- experienced.
(See table 8.)

GG AL PAGE IS
W PR QUALITY



1531 IUNSSIUE WSS TYNINON.

JHNLVHIINIL HOLVHINID SYI WONIXYN
1N3S3HdIY SISTHINIYVY NI SHINNN

(8011) Z01} we 10¢ 113 {(cELLsOELL 144 e 8Lt
Lz zz (774 24} €St (LE1s) ZELL 1z 1zL 151
{1} 1zz 151 T (8zie) Lits (744 €9l o
@z e v6L 174 sty et €2 6L 114
(sott) satt e 174 174 (siud) Lint XX 4 we 862
»oLi 612 08z I8¢ T AT 922 e 6
awy TIVIS ik TovIS I L7 I oV
ol THNIVHIINTL (915d] 3GNSt Itid WS4 [Hol 3UNIVUIINIT (9154} IUNSSIHd W3
HOL1VHINID SVI HOLVYINID SYD
W315AS 1111 WIISAS %oy
SNOILIGNDD 1531 JUNSS3ud ASd MOT

g 378vl

98Z-LE0d o
$6Z-LE8d
veZ-Lt04
(4 T aud {4 7]
T6Z-LEed

162 LEOd

ON 1531

49



822

vZe

1244

44

1 ¥4

6tZ

{357 3UNIVHIANIL
HOLVHYINIO SVYI

w3

15AS 1M1

767

9v

S6°E

SLE

80?2t

L1

(3387 INIT 18vis

ke B2

144 0z's

72 (147

11X £6°¢

(%24 e

922 z0°¢

[EMECEICTELT EN [k EHELTBLC

¥NivHINIT SYO

W3ILSAS NI0Y

NOTLVHA T INJISNVY1 18V1S

51831 3HNSSIYL WS4 MO
6 319Vv.L

1S41 3H0SSIHd WS4 TYNIWOA.

SiE

0s1
002
042
00t

(1313

TUN553I0d W3

98Z-LEQd .

962 (€4
¥6Z-LEOH
£62-1E04
26Z-1£04

t6Z-LE0d

ONI3II



0S¥i—0SEL

SLYL-08WL

W

SLil

o0zl

3T

sZyL-osti

st

1 14
WIISKSIT

St

oozt

b} 1] 24
WILSAS 1L

syl SLEL-SZEL  SL€1-92EL L]
0051 SIVL-SZVL  SZYL-SLED oost
v I E TvIS
WIS YIue
TSR 3dWSSTHTROWIXVIN TITIND JNNd TIN]
oozt szzL-o0zt LHT sezi
0sz1 s1z1-5221 SLiL sczt
Tavis ST k1] 14 vy
WITSAS W04

YOIAVHIE JUNSSIUd dNNd 13N ONV HO1VEINID SVD

TSI NS TUd WST MO
oL 378Vl

ost

0st

JUNSSIYIWST

98- Ltnd

182-(704d

96Z-LE0d

16Z-(t0d

51



6Z 3HNOIA

il

|

—

- - ——d
e e
Jp—
et
———d

Ai
]

- ——— g
. ——————d
——

b “4d 137100 dWAA 1303 | iy |
| | ] ‘r!_bm mx_ L_ripvlj, SUNNTEEERS AL LS
AR # R .
P “ P oy
ISR AR N A
C LU CRELC I
[ : |
[ _ i i
D T S U
T T
| A ~ vl .
o , ,
AAREEERE
puu:,ﬁ.v,
! 1 ! ' ;
i

' ! ! i ' ,
‘W4 MOLVHINIOSVD
Co v ! |
M S I :
Lo | I - , <
Lo f 4 a3assawiewnt| o 0|
| A C S » _ —
ST N I L , L Wi e

L L — ' ! !
¥V WALSAS, , A
‘Hd WS4 OIS 0SE |

. L62-LE0d 131 L s

i
: i {
o Co h
FlL\L [ PO SOV VS SV S SS S S N SN SN WY SR VNS SN QS S S S

i
!
w
_

i
m




0€ 34NOI4

Hd 131190 gwid 13ng

91340

0i%d 0

DIgd T

d jolvungo gva

3245 Lt;c:

9184 0

il

Vv WILSAS

‘Hd WS4 OISd 061
96Z—LE0d 1531

jHY1S
1%31

23



'€ 3HNOI4

L

‘Hd L3INI dWNd 13N4

—4

l
__ su%g:
_

235 51E

1lvd43IN39 Svg

54

9154 0524 {4 1

{
0334S INIgHNL

| 4

,_ 1\‘,\#\‘ ]
Wb X 7y Lot T G WILSAS

W ‘Ud WS4 OISd 06€
162 2t0d LS3)

-
L

!
L




9164 SIrt

9184 Swp.v

NdUN S€L

€ 3HNOIA

T |
]
~— R o’
¥d 171p0Limng N394
P
- T
op!
¥a {371 fsf 13k
< 1ospep
Lﬂr 1440
\_\l Md )y «Eg& $49
_
. | «
W d3gs {npur | o .
FTT ,.J_v.l__.
|
4 | L I m | * |
| 8 W3LSAS ] B &.
m 'Hd WS4 DISd 051 | | _ uvis
L b 96Z— '€04 1S31 | * I 1431




£E 3HNO.4

5 S50 S s o nlie Sue S S niien Aen Sl e Sutns Smne SN GEN SN GENE ARSE AN AN SENE S0 Al AU SRSF MUY AuN SNED SR AINS NN NN Sunh SRS D SENE ShND ANND B S NN SUNR AL AL SR AN SRR BN SR AL SRR BN

Tllllt:lr - - 23829

(. —
 ng 238 20

1DISq) IWNSSIWY WOLVHYINID SYD

e

-
-4

N §

‘ —

a3IS0ID 1. WIVA
UMING

13345 AVWIY

TD15d) 38N 144N 0IN13 D INYHAAH
35019 IAIYA 015! JUNSSIU4 s
S§SL AR NINMYHGAM

a
isvis |
TWat %' 03345 INIBHN] 1 b 153
SW 00!
e
.\\.\
- ‘ o l‘»
i = e ———— e
VvV N3LSAS

Hd WS3 DiSd 061
96Z-LE0d AS 32

[ IR Sh S SR B S A ™~ -orov T Tt rTrrTTr T T T T T vy Ty v Tr T e T T T T T Ty I~
‘9154 FHNSS3U8 HOLVHINID SVD S
m .IS H
' 7 (D154} IWNSSINY AVddNS Q1IN DIVNVYUHAAH YT
350719 3ATVA TOHINOD Q3345 AHVYWING 4534
b 23S0 INTYA SSYSAR JITNTHAAM (WdU ) 03345 INIBBNL aaestl !
[ .y k‘\l‘\‘ﬂ!! "y
} 2338 96’
q‘ll“‘ll'« 238 626°C ]
.'Il.ll\'
—~ ¥v3d 03345 INIBYNL '
-— —-— —— pon. -— R |
w—— — —
. i
¥ W3LSAS

Hd WSJ D1Sd 06C
€6¢—(t0d 1S3}
LAY L4

LS

Ty T

T™r-rrrr Ty r ey T T r vty
d LERR 4

v Y rr i1t r 1T 7
9

T~ 17
[} SUNSS3IY

1NSd) IHNSSIHY AVddNS OINT3 DINNVHUAK — »MMMMD
G3Is010 Pl A=
ATVA SSYLAB DITNVYHQANH 03S01D IATYA 10HAINGCD (133dS AHVINIHG

L 3
I
|
b 535 (6 ¥ !
(WgH1 03345 AINIBHNL \Vl\l“ a3 20t — |
et
r||, ¥ 34 G345 INIBYNL

? —_— - — — —

H

‘

¥ W3LSAS
Hd WS4 D1Sd UGt
162 LE0d 153



v€ 34NOH

r-rerTYTYyY Ty T T T Tty oy vy v v

I'_. T\ Swe 004

¥ v vy vy & v 7T

\ SUin Sube At SuEn Suns SEND MNR SEN SN SRR SN

S R R e,

1D184) IUNSTSIUJ HOLVYYINID SVYOD

Q33148 AMVYWNIY
l‘\l

T0(84! IMNSSIUE AT4INS OINTS DINVEOAH i
(el ®) 03348 INIGENL

O3S0 IATVA SSVEAB JNINVHAAK
238 L

—
i\T.\\V\A 295599y -
L. ¥visoies uz.ac?m —_ — — — :HMN»MD
8 WILSAS
"Hd WS4 DISd 051
L v v Y v ¥ 7 rv-rvr-rrrv r v -y Y v JS-NQNﬁEA—vmWP

L Twig—

101Sd) IUNSSTWJ HOLYYINID SVO

380713 IATIVA
0¥ {NOD

380712 IATVA SSVJIAR DINVHAAN ‘DS BLEY
| ‘DI GLT I\I|I\||||\.|I\L

1D e

(D1S4] ¥4 AV1ddNS QINTE NINVYOAH

»‘lrwb
(MU %) 13348 INIBUNL iS31
— NvIé 03348 INIJUNL S _ — _ _
— —
gWILSAS
‘Wd WSd DISd 062
£62— snom»mu»
T 17 1 17 T 11 1T 7 1 -4-—#—44<-qﬂq--.d444-<4.-.<<-<<.44-4

TI"S \

'\,ll,
Bt |

(0184} IYNFSIUd A 14dNS AINTS DIINVYYAAK

D1Sd! Wd WOLVYHINSD SYD

N )

Q338010 u>4<>
A0BINOD 03348 AMYWIHS

0380 1D IATVA SSYJIAR INYHAAK

[ .

_ 235183 e
— \

e o

ivdH ]} 03348 INBUN

D3ISSELE

h!(»ﬁb

#¥34 Q348 INIGYNL — —

8 W3ILSAS

‘Hd WS4 DI1Sd 05t
16Z- LEOd 1S31



St 3HNOIS
(03S) INWIL

1 4 € A i

| 1 | 1

96Z-L£0d 1531
¢ —— 6T —LE0d 1831
» e—N £6Z—LE0d 1S3 1
— e 7ZBZ—LE0d 131
- m - s |BZ—LE0d 1S31
88Z—L€0d 1531

N/

(D35 66°S +1) {(d3s9¢ +.:\
WdH M 9L WdHd X €EL
(03sZ'v +1})
WdH M 8'EL

1

’

;.\
WdH X Z 6L
(23S E'E +1) {O3SGL'E +1)
WdHN Z2'vL WA £,

31S31 IHNSSIHL WS4 MO

NIISNVHL 1HVIS d334S INIGHNL
Ndv 300y

(WdH—X) Q33dS INIHNL NdV XI0H



9¢ ILNOI4

(03S) IWIL
9 S 1]
L I 0
-0l
96Z—L£0d 1S31 s
t o — e 96T~ LE£0d LS3L
o e 762 L€0d 1STL
————— - - |6Z—LE0d 1S3L i
88Z--L£0d 1S34
-0t
- 0%
- 0S
- 09
— 0L
\/“/.. 1 (335 2°€ +1)
(D3S S6'% +1) AU Z WL N
WJHEM G'EL (03S2Z¢v f:\ (D3ISGE +1)
WdY X 8'€¢ WdAH XY 9'vL - 08

(23S G0V +1)
Wdd X L'EL

IN3IISNVHL LHVLS d334S INIGHNL

(23S SP'E +1)
WdY X 9 v¢L

S1S31 3HNSS3IHJ WS4 MO
Nndv 1711

(WdH—X) @334S INIgYNL NdV LTIl

59



LE 3UNOIS

{O3S) INIL
82 LZ 274 >4 re 157 4 F 44 \Z 174
L L 1 i L J| 1 1 {rO
2
% o
09
- —0¢
/\/l\/\/\\/\/\/\/\/l\/\/\/
j
882 - /€0d 1S3i -08
404 INIISNVYL Q33dS INIgant
Nndv XJ0Y
(03S) IWIL
82 LZ 9¢ SZ | 4 €Z rAA A 0z
L | 1 1 1 i 1 1 1 0
1
TFos

96¢ - Le0d 1531
404 IN3ISNVY1 433dS INIgaNnt
NdV X0y

(Wdt—) A33dS INISHNL NdV NO0Y



8€ 3HNOH]

962 - L£0d 1S3l
404 INJISNVYL @33dS INIgynt
Ndv 1111

(33S) 3NIL
82 (24 9z 74 {4 X4 [ 44 (¥4 114
L L 1 | 1 1 1 1 o
=
— 09
—~ 0L
/\/\/\/\/\/\/\/\/\/\/1
88¢ - Le0d 1531 - oe
Y04 INIISNVYL Q334S INIgant
ndv 1114
(23S) IWIL
74 a9z sz | £4 €z 44 (¥4 oz
L 1 1 1 1 | 1 1 o
L
Too
0L
o8

(WdH—X) Q334S ANIGHNL NdV 1718

61






GN, SPIN PORT LEAK TEST

OBJECTIVE

To determine the magnitude of hazard associated with leakage from
the GN2 spin port during a hot firing.

RESULTS

This test (P037-295) was run for 160 seconds and no anomalies were
reported. There was no degradation in system's performance. The turbine
speed, gas Jenerator temperature rise, and pressure oscillations remained
normal. No change in primary control valve cycling performance and in APU
start transient period was observed in the data. Both APUs were used for
this case. The GN2 spin port temperuture rise due *o heat releaseq by the
APU was: 71-88 2F (95 OF high) for rock APU, 67-85 OF for tilt APU.

(See figures 39 and 40 .) Table 11 shows the general APU behavior
compared to a nominal run.
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HYDRAULIC MANIFOLD HIGH PRESSURE RELIEF VALVE LEAK TEST

OBJECTIVE

To determine the consequences of a leaking high pressure relief
v~1lve on the hydraulic system performance.

RESULTS

Test P037-298 was conducted on October 26, 1979. Prior to this run,
the rock high pressure relief valve in the manifold was set at 2300-2900
psig. During the firing, the rock APU ran for 105.5 sec. At this point,
the system was shut down because the FSM pressure dropped belcw the
pressure redline of 240 psig, indicating low fuel level. (See figure 42.)
Excess fuel usage was required by this test because the hydraulic pump oper-
erated at full capacity throughcut the entir2 run. The maxi~um flow rate
through the relief valve is 70 gom. This flow, plus the €low required to gimbal
the . -“tuators, resulted in a continuous hp output by the APU. The hydraulic
temperature rise was much higher than in any previous test (53-267°F), indic ting
that the pump operated continually at full capacity. (See figure 43.)
The hydraulic reservoir level increasereflects the effects of hydraulic
temperature rise during the hot firing. The normal temperature rise for
the same profile and test duration is 10°F or less. The turbine speed was
Tower and the band wider (68.76-72.61 k-rpm), when compared to a previous
nominal hot firing (71.5-74.3 k-rpm in test P037-295). Figure 44
shows the turbine speed transient during this run for both 100 and 110
percent APU operations. The gas generator bed and turbine exhaust
temperaturesalso experienced a large increase because of the greater
hydraulic power requi -1 by the TVC system. (See figure 45.) The percent
of time the primary -:e.d corntrol valve stayed open increased notably (to
77.7 percent, during the first 20 sec) to maintain the required power to
the actuator (figure 46).



Rock actuator gimbaled according to the imposed command except for the
checkout profile: 5 deg/sec, 1 deg. Amplitude (see figures &7

and 48). Also, the hydraulic pressure oscillations were normal durirg
all the gimbal program except for the checkout profile (see figures 46
and 49 ).  The hydraulic reservoir pressure was slightly lower

(61 psig) than normal, because or the lower hydraulic supply pressure
while the manifold return pressure was slightly higher (71 psig)
because the high pressure relief valve was releasing pressure into the
return pressure side of this component. (See figure 50.) Seiected
parameters in table 13 compare the overall TVC subsystems performance
during this hot firing to a nominal test.



NOILYHNO 1S31 038 5501
ATNO WILSAS XI0Y ‘SILON

vSL- 9 Z91-1S XNv 91

obL-59 9¥1-09 95 (4o) IUNLYYIIW3L 110 38N

52E Lee (12d) ~ SONOD3S 0Z 1SH14-N3IdO
SI IATVA TOHLNOD 0334S AHVINIHG 3NIL
StiL 00t (D1Sd) IYNSSIYA HOLVHINIO SV WNWIXVIN
SLEL SLvl (D1Sd) IYNSSIYA 13 T1LNO dWNd 13NT WNNIXVIN
1ZE-99€ ZeZ-0LE (D1Sd) IUNSSIH 13N SWNd 13N
02E-0LE 6£Z-6LE (D1Sd) IYNSSIYA WSS
815-(9 €LL-¥9 (40) IHNLVHIAWIL L1SNVHX3I INIBYNL
0901 -52Z YOEL—¥2Z2Z (45) IYNLVHIJWIL HOLVHINID SVO
£0°€ 1€ 1'03S) IWIL 1HVLS NdV
ve-ZuL S'1L-8'89 (WdH X) G33dS INIBYNL NdV
1L-89 5L—69 (DISd) IYNSSIUJ NIVHO ISVO
€6 0 (D1Sd) IHNSSIUD INTVA 4317138 47
69-99 vL-69 (D1Sd) IHNSSIHI QTOSINYW IIINVHAAH
99-+9 29-85 (DISd) 3YNSSIUI HICAHISIY JITINVHAAH

SL e __ St 8L _¥9 _ 99

XVW NIW 14V1S XYW NIW LUVLS (19d) 13A37 HIOAHISIY DI INVHOAH
99-65 £92 - €S {40} IYNLVHIAWIL HIOAYISIY DIINVHAAH
0zZLE 0z (D1Sd) IUNSSIHd AHVANDIIS
05Z€ 0562 (D1Sd) IUNSSIHA AVddNS IINVHAAH
oM N WYHOOHd TVBWID HO1VN1IV
{NNY TYNIWON) 62 L£0d 1531 862~ L€0d 1531 SINIWIENSYIN WILSAS

JOINVIWHOIHId WILSASENS JAL

1S31 %V3IT IATIVA 43171348 JHNSSIHD HOIH GTO4INVIN JITNVHAAH
86Z—-LE0d 1S31

€l 378vl



2y 34N '3

(23S) 3w
0L 0SL  OvL OEL  0ZL Ol ool 08 08 oL 09 9§ ov ot 0z ot
- L v ¥ v 1 4 v L4 LS v v L L T v v ng
-—
-~ .
a N J
440109 S
1531 S o
-
S
- 4
\//
,/
1534 %V31 IATIVA 33173 S
-
’ -
-
.
~
~
~N

86Z LE0d 1S31 T T 7
{62-L£0d 1531

1531 TVNIWON

W3I1SAS XO0H
1531 ¥V3I1 IATIVA 43117134 IHNSSIHI HOIH QTOFINVAN JITNVHAAH

HOIAVHI8 IHNSSIHC (WS4) 3TNAON ATddNS 13N4

00z

0sZ

00t

06E

ooy

(D184} IWNSSIHL ITNAOW A1ddNS 13N



HYDRAULIC RESERVOIR LEVEL rCT)

HYDRAULIC RESEAVOIR LEVEL (PCY)

o
[
J

-d
wn
PSSO S Ul Y

HYDRAULIC FLUID TEMPERATURE (°F)

HYDRAULIC FLUID TEMPERATURE (°F)

300

250 4

~
8
1

@
o
1

8
1

$0 —

4
—J

FIGURE 43
TEST P037-298
HYDRAULIC MANIFOLL HIGN PRESSURE RELIEF VALVE LEAK TEST
HYDRAULIC FLUID TEMPLAATURE AND RESERVOIR LEVEL

TEST 1937-208

TEST
Veurors

HYDRAULIC FLUID TEMP e
RESERVOIR LEVEL RLLIL

TEST PE37-201 (NOMINAL RUN)

: TEST
CUTOFF
/ *
N ......................... 0000000000000000000000
j csee pnoe®
.. ..........‘.....
E s00®?®
.: onoo" soee’
o
0

“n an o on 100 ”n 140 "N



¥ 3HNOIS

t ] 1 ]

=~ 0L
WdH M Z'9¢L ~
- [ -
/\/\;\ -3
x =
\ 408 X m
WdHN L 8L~ 3w
- = |
m
o

03345 INIBYNL 104 0Ll gg

T0mm..|'_
- 1

14U :@/
WdH Y 9'2¢ \ 7

Q334 INIBYNL 1Dd 00L

HOIAVHIE 3348 INIBYNL

1831 ¥V3T IATIVA 431134 3HNSSIHd HOIH ATOFINVIW DITNYHAAH
86Z-L€0d 1531

173

08

{WdHt ) T33dS INIgdnt



Sy 3HNOIA

{23S) INLL

09L oSt oL Ot1 ozt 13 001 06 08 0L 09 05 oy 0ot 0T o1 0
L] L4 v A L

Y L L Y T Y T ) v [1]

]
<4

ooy

005

009

Io
dW31 L1SNVHX3 INIGYAL =~ \ Joor

dW31 HOLVHINIO SYO =" -
440102 008
ndv
006
W3ILSAS JNI0H

3T40Hd 3HNLVYHIJNIL NJY
1S3 V3T IATVA 431713 dH GTO4INVYIW DITNVYHAAH

86¢—LE0d 1S31 ooLL

oozt

00t

{40} 3UNLYHIIWNIL



9v 3HNOIA

ryrrrrri17i7yr1rrryryiyrvyrrrrrrrrryryrlrrvyryryrrrvyrivyrrryrryryyr iy ryrrrrrirory

930 m—.—’
, w4

930 2..\ ) 93a

('D30) NOI111SOd NOLSIJ HOLVNLIV
sw 8—
‘038 _

Di8d 0SZ1 .ﬂt
(D1Sd) IUNSSIYY MO LVYHINIO SYD
o i ot o e Y Y P e — y -y o A A POV VN
1S4 00Z § 184921 § (DISd) IUNSSIUL A VddNS AINTS HINVHOAH
WdH 889
B RS [
WUNDTL (WY M) A334S INIBYUNL

JONVIWNHO4IHId WILSASHNS DAL
1S31 V3T IATVYA 43173H IJHNSSIHD HOIH ATOJINVIN DITNVHAAH
86Z—LE0d 1S31



LY 3HNOIY

NOILISOd HOLVNLOY L1111

AONVYWWOD HOLVYNLDY L4

NOILISOd HOLYNLIOV ND0OH

GNVINWOD HO1VYN LIV XI0H

1SILIVIT IATVA 43173H JHNSSIHD HOIH GTO4INVIN DITNVHAAH
. 86Z2—L£0d 1531
WYHOO0Hd TVAWIO TYNINON-NODI1ISOd NOLSId ONYV ONYWIWOD HOLYA10Y'

(93Q) NOILISOd

N e MmN » O

bemN~OmNMYY
(930) ANVYIWWOD

(93Q) NOILISOd

mvnn—ofqp_',q

{930) ONYWWOD

mvnﬂv-a—o_-qqq



U SIVISYNS

-J-q;--.-d---dq*d-uqccuvﬁd---u.-d-ﬁl
-
=

PSS
JNaHNE wxawwzau.aa<¢0>2._<.h-l.\ -
A Q3ISNVYI LNIWIAON HOLYNLIV [~
po
NOI11SOd HOLYNLOV LT1L =
LA ¥ L § L} L L) ¥ 1 hJ L L ¥ 1 § L { T ¥ T L] L4 1 ¥ | |  § 1 T L J v :  § L] v T i pURR SEEN a
e
=l
/I\lll'l\"l/v -
-
T'
ANVANOD HOLVYNLDY 118

L | 1) ) J | | ) J \ LB v | ) | J | ] L { | T 7 ) | LR R L J L J L § T v | L L v | LS L] | L]
=
-

\'l\l/l l
NOI1ISOd HOLYNLIV MD0YH -
¥ ¥ ¥ ¥ ¥ ¥ ) ) | L ) | T | L ) v T 1 § Ll  { T L 1 ] T v L  § 1 T L § | v 1 ) 1 § Lo L T : ¢
P
—‘IUN&—I'— -
ANYWWO0OD HOLYNLIVY JNIOY -

WYHOOUHd TVEWID 1NOXNIIHI ISH

1S3L NVYIT IATVA 2311134 IHNSSIHA HOIH GTO4INVIN JITNVHAAH
867 LE0d 1S3l

NOI11SOd NOL1Sid OGNV ONVIWNOD HOLVINLIVY

R B )

(94Q) NOILISOq

Q

.

L I |

2 A S

“
(930) CNYWWOO

N T M N "0

mvnN’g':a'.qqu

N oeMmNTO =N ® e

(93Q) NO11180¢

(93Q) ANYWWOD



6¥ IHNOIL

rTr 7rrvrvr 7V 717 vYi1vTTrrrrririrrTryrT

yrr vy r T ryveyoTrirorTruerorouaot

swooi—| o=
- 930 -'/
V Zo.h_mo:#,

NOILISOd VINK -
(D301 NOIL1SOd NOLSId HOL VN1V
1531 TVYNIWON 16Z—L£0d 1S31
D134 0522 9ts4 00€T
0184 0842
o154 028 7 DIS4 $£8E 0134 529¢

{D1Sd} IUNSSIUL AVddNS TiINTS DV INYHAAH

930 1
— o3az- I .t 930y
NOI12ISO4 1NN : \ 230 o”
930¢€+ 1D20) NOILISOJ NO1SId HDL1VNLOVY

D154 008

1D1S4) IUNSSIAYUY ATddNS CIN TS IIINVHAAH

01Ssd OSN\

86Z—LE0d 1534

NOI11SOd NO1SId HOLVNLIV ANV Hd A1ddNS OINT4 JITNVYHAAH O0H

1531 Mv3IT IATVA 43173H JHNSSIHd HOIH ATO4INVIW DITNVHAAH
86Z—LE0d 1S31



0S 3UNOIS
rvm ¥ 7 vV 7 7T 7 7T 7T vV I 11T 1Ir71rr17 r 7y yr I rrrryrrryr 1 ryryryrrrTrrryrrrrm

L -

1S40Z7%

\

"Hd TYNINON 91Sd 59

D84 SOT

IUNSSIYUd ON0JINVYIN 11D

VYWY Y IV Y VAW MM A WA A st AMWNINY YW WIWA ANA AR oo T —~

8. Sz 3§ .
ieov 3 ¥ Ud TVNINON D154 0¢

IHUNSSIUG G FO4INVYIN IDOY

g — s " — L \

1S40t § 1S487 *Ha TYNINON DISd 29

IYNSSIV4 HIOAYISIY NINVYHAAH J 1Y

1Sd9 7

“£d TVNINON 1S4 S\

IYUNSSIHD HIOAKISIY JITNVHAAH XI0H

SIHUNSSIHJ NHNLIY JIMNVHAAH
1SILHVIT IATIVA 331713H IHNSSIHD HOIH AT04INVIW DITNVHAAH
86¢ ~LE0d 1S31






NOMINAL TESTS

OBJECTIVE

To verify the condition of the TVC subsystem hardware and software
following the ascent thrust vector control (ATVC) system testing.

To estahlish a data base and utilize this base for ccmparison
purposes on succeeding off-nominal tests.

To prepare and service the hydraulic system following actuator
substitution.

RESULTS

A sequence of runs consisting of low pressure GN2 spin (test P037-314),
high pressure GN, spin (test P037-317), 20-second checkout hot firing
(test P037-318), and “ull duration hot firing (test P037-319), was conducted
successfully between June 8 and June 20, 1980. All objectives were accom-
plished, and no hardware anomalies were present. Test Pu37-315 experienced
an early cutoff because of a facility electronic problem. Test P037-316 was
aborted when the nydraulic reservoir low level redline was violated. Air in
the hydraulic system created this problem. These aborts are not uncommon
during system's servicing. Testing rasumed after the systam was bled with
no further problems. Figures 51  through 57 show the beahavior of
several TVC components anu their parameters. Tables 14 through 16 present the
overall TVC subsystem performance during the high pressure GNZ spin test and
the full duration nominal hot firing.



TABLE 14

TEST RESULTg ON

TEST NC P037-317
DATE 5-13-80

TYPE HIGH PRESSURE GNg2 SPIN

HYDRAULIZ SUPPLY PR (PSIG)
SECONDARY PR (PSIG)

HYDHAULIC RESERVOIR TEMP (9F)
HYDRAULIC RESERVINR LEVEL (?CT)
HYDRAULIC RESERVOIR PR (PSIG)
HYDRAULIC MANIFOLD PR (PSIG)

LP RELIEF VALVE (PSIG)

FSM TEMP (°F)

FSM PR (FSIG)

TURBIH . SPEED (K-RPW)

S.ART
MIN-MAX PROGRAM

LUBE OtL TEMP (9F)

T

T8 AUX
TURBINE SPiN PR (PSIG)
TURBINE SPIN TEMP (7F)
AMBIENT TEMP (OF)

t.0CK

Qe

0
83-110°F
76-75(71)-72
64

L

NA

18

133

51.68
38.56-48.4

8-148

81-144

190

NA (BAD MEAS)
13

TLY

60

nes =10

92 -120%F
14-711 (10)-1
85-67

59-65

NA

75

1331

52.58
44.68-47.9

88-158
93-187
300
8241
1
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TEST P037-319 NOMINAL TEST
RESERVOIR AND MANIFOLD HYDRAULIC PRESSURE TRANSIENT
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LOW HYDRAULIC RESERVOIR LEVEL TEST 3

Test P037-320

OBJECTIVE

To demonstrate the hydrauiic system reaction to low fluid level in
the reservoir for a norinal flight mission gimbal program ("D" gimbal
profile).

RESULTS

The low hydraulic reservoir level test 5 (P037-320) was successfully
conducted ur May 20, 1980. Prior to start, the hydraulic reservoir level
wcs set to 10 PCT. The dats shows an increase in temperature rise as a
result of less hydrauiic fluid in the system. This rise amounted to 25°F
for nominal reservoir level (70 PCT); and 37-389F for a 10 PCT level. (See
figures 58 and 59.) This condition proved to be nondef-imertal to
the -ystem's performance (as stated for tests P037-286 and P037-287). The
hydraulic supply pressure oscillatioms remained unctanged during the hot
firing. (See figure 60.) There was no effect in vhe hydraulic
reservoir and manifold pressure surges in terms of magnitude and number.
(see figure 61.) The reservoir level dropped down to 6 PCT because of
air in the system. This was expected “>r the provided starting level.

Table 17 shows the overall performance of the hydraulic system foi the
test.

PRECEDING PAGE BLANK NOT FILMED



TABLEF. 17

TEST P37 . 330

LOW RESEAVOIR LEVEL TEST 3
HYDRALULIC SYSTEM PERFORMANCE

HYDRAULIC MEASUREMENTS:

HYDRAULIC FLUID TEMPERATURE ROCK
™Y
RESERVOIR LEVEL ROCK
TILY
RESERVOIA PRESSURE RO%K
TILT
MANIFOLD PRESSURE ROCK
Iy

START

10

77-114(115) °F

85-115 {122) °F

MIN MAX

| 1" PC

d 10 pcTY

80-83 P3G
§0—-63 PSiL
62-66 PSIG

5561 PSIC



85 IHUNOS

- 6

- o8l

Bl

- 061

IS INIL
081 o9l ori oti 11118 i} ] 1)) oy b1 f
L 1 1 s 1 ) i 1 1 I.Iq;ﬂc
— r.L
. — -
- - y
- oocoooooooo-oo
“‘l\.\\\ o-otaoocoo
-I-I‘I‘Ivl‘lw‘ll.l“lll!l .00..
ooo..:o
opontw
ooooo
ocotooo
soc.....oto.-.»oo Oooo-o
o—— TIAIT HI0AUISIY

seros: dW3IL QINTYI ITAVHAAH

WILSAS XJ0Y

TIATT HIOAYISIY ANV IHNLVEIINIL QINT3 JITNVHAAH
NNY T1IAITHIOAHISIH MO

GZE-LE0d 1S3

- sei

AR

F e
e oo

(40) IUNLVY WAL OINT i DN

(13d) TIA5. L1OAHISIY JITAVHOAN



6S 3HNOI4

“2A37 GIOAHISIH ONY FHNLVHIMWIL AINTS NTINYHOAH
NNY TIAIT HIDAHIS3Y MDD
0Z€-L£0d 1834

1318) INIL
] 1 09} ot ot 001 1] ] 09 or 114 0
— £ i 'l L - | i 1 [ 1 PB
- 09
an—
\\Il\ J
— - —
—
o S— —— Somny
- e wememm — A
- st
.o.oooo-ooo-ooooo‘
ooooooo
ooo.-o
.a.ooo.
oooo : -~ 084
'o.-00.-..
eo-ooooa
ooocoo o.co.oue
..0...0..0 oconcco
®o e
- 521
il
— — T3IAIT HIOAHASTH
secece dNIL AINTS JNAVHAAH f
Sit
W3ILSAS 1

{de) JUNLYEIINIL QINTS JITNVYOAN

=1

{134} 13AIT HI0AHISIY JINVHOAAH



09 IHNDI4

WIiSAS 1L

INIISNYHL WILISASANS I/t
(S31 TIAITHIOAHISIH MO

NZf 1004 1531

T T 1 TTT R O S 1T
gaay [ ﬁ w
- 93091
ﬁ..T..I..T.rJ k
930 ..:._\ 93027
SW 004 NGILISOd NOLSId HOL¥N 1DV
P
SRR _ 91545 0
M . . ; : ool — | — oy Bl bt
TN TN ™~ N | [ N N ~
M ) \ \. \/
9154 002t ‘ sd 8Lzt~ 9184 0621”7
. _232 uzﬂ_amx‘. YOLVHINID SVD 0154 0082
(L%V\L.\Lr\ A N~ ML~ 1 ,\.VL.{}L,\/VCL,\J 0% e
9154 0S¥t 134 054 9154 002€ 9184 S285¢
bt JUNSSIHA A14dNS GINTS JITNVHAAH
WaUN £l
[7 _ —— k]
WaH ) b'SL .
; 3348 INIBYNS NOY TYNINON
% SIE-LE0d 1S34
1° Ty
T 93094
930 b - ~+4 -
4 7 T
93080 _ i 93027 | ‘
NDILISO4 zo:_.._ cw:_ﬁﬁ .
|
_\2.& §-0
2154 06} 9154 0521 ' msd s ;_n..S:V; |
IYNSSIU HOLVHINID SVD AS4TS1T Co
~~ ~ | LE\ NN .QJ\T _
"1Sd 5L O8LE 1S4 m:mgu st . netg | i
IYNSSIHA A 14408 DINTS IINVHAAN ; _ _l Do
=_ ! L - | {4 L | |
sl _ M._:_._ﬁasxw.; ﬁ N % _ w ~
LR ] 0ZE- LEQd 1S34
i eibirlrttd IR | ¥

ORIGINA™, PAGE IS
OF POOR QUALTTY



1S IYNOIS

{338) ama
”ne su a
A

- | A A A L ~A. - i '} e

- 052
- sue
L ws
- o

- 621

&l

INIISNVYEL JANSSINd DITNVYOAK 0I0JINVW ONY d10AYISIY
1531 73A3T ¥10AYISIY MO 02¢-2€0d 1S3

(3134) 3UNSSING CI04INVN LT1L

{9184) NNSIIVE DV104INYN %20H

(9tSd) IWNSSING
HIDA¥3IS3N LU

(9154) WNSSIWd

HI0AYISIY NIO0N



9 3HNOI4

0t 62 wbu Lz 9z sz

ve

€z

R B |

ez

N0111SOd NO1SId HOLVN1OV 1111

~ NOILISOd NO1Std HOLVNLIY A OH

WYHOOHd TVEWIO A 40 V3HVY a31Iviid

=R Al
b € —
..IN.

-0

-1
- Z
- €
-t

1930} NOILISOd

{230) NOLLISOd






GN2 SPIN TESTS
1000 PSI6 Gﬁz SPIN PRESSURE

OBJUECTIVE

To map performance of TVC subsystem when subjected to a spin
pressure of 1000 psig.

RESULTS

Five GN2 spin tests were successfully conducted on March 22, 1980.
Each spin test lasted 300 seconds. In summary, the most significant
results obtained during these series are:

a. Highaer turbine speed.

b. Improved hydraulic system performance. (Pressure oscillations
during gimbal program are more stable.)

¢. Higher lube o0il temperature rise as a consequence of the higher
turbine speed.

The gimbal program used for these runs was the same as for spin tests
set of GN2 spin pressures of 800 psig. Additional data showing the results
stated above plus other follows. (Tables 18 through 22 and figures 63
through 65.)

The GN2 soin pressure normally drops 50-100 psi from the original setting
of 1000+50 psig. This accounts for the difference in pressure reading for
each test.

Lube 0i' temperature readings utilized for this mapping are: T6AUX taken
at the lube oil pump outlet, and T6 taken 12 inches downstream.
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TABLE 18

TEST RESULTS ON
TEST NC P237-321
DATE 5/22/8¢

-y

am———

HYDRAULIC SUPPLY PR (PSIG)
SECONDARY PR (PSIG)
HYDRAULIC RESERVCIR TEMP (9F)
HYDRAULIC RESERVCIR LEVEL (PCT)
HYDRAULIC RESERVOIR FR (PSIG)
HYDRAULIC MANIFOLD PR (PSIG)
LP RELIEF VALVE (PSIG)
FSM TEMP (°F)
FSM PR. (PSIG)
TURBINE SPEED (K-RPM)
START
MIN-MAX PROGRAM
LUBE OIL TEMP (9F)
TS
T6 AUX
TURBINE SPIN PR (PSIG)
TURBINE SPiX TEMP (°T)

AMBIENT TEMP (OF)

YPE HIGH PRESSURE GNg SPIN TEST (1006 PSIG)

ROCK

250 10

N75+25/-0

86-91

74-73-78

60 =5

]

107

79

129

52.56

42.45-49

68-133

63-133

87

T4-44

NA (BAD MEAS)

TILT

3180 +20/-0

3200+15/-10

7610

17-71-78

80+5/-0

66=2

0-51

6s-67

137

53.18

42.09-43.36

68147

65149

80-29

NA (BAD MEAS)



TABLE 19

TESTS nIZ'ULTS ON

TEST NO P037-322
OATE 5/22/80
TYPE HIGH PRESSURE GN, SPIN TEST (1000 PSIG)

HYDRAULIC SUPPLY PR (PSiG)

SECONDARY PR (PSIG)

HYDRAULIC RESERVOIR TEMP (OF)

HYDRALLIC RESERVOIR LEVEL (PCT)

HYDRAULIC RESERVOIR PR (PSIG)

HYDRAULIC MANIFOLD PR {PSIG)

LP RELIEF VALVE (PSIG}

FSM TEMP (°F)

FSM PR (PSIG)

TURBINE SPEED (K-RPM)

START

MIN-MAX PROGRAM

LUBE OIL TEMP (°F)

TG

TEAUX

TURBINE SPIN PR (PSIG)

TURBINE SPIN TEMP (OF)

AMBIENT TEMP (°F)

ROCK

3250 =15

3206 =10

84107

. 14=17

NA

NA

-124

70

120

535t

42.71-49.38

84-150

75-180

91%

63-46

NA

TILT
3180220
1250 *2]
13-118
76-73-77
NA

NA

0-71

67

134

§3.64

43.03-49.4

34--156 9F
74.-161 °F
917-919
74--30

NA
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TABLE 20

TEST RESULTS ON.

TEST NO PO37-123
DATE 5/22/80
TYPE HIGH PRESSURE GN SPIN TEST (1000 PSIG:

HYDRAULIC SUPPLY PR (PSIG)
SECONDARY PP (PSIG)
HYDRAULIC RESERVOIR TEMP (%F)
HYDRAULIC RESERVOIR LEVEL (PCT)
KYDRAULIC RESERVOIR PR 'PSIA)
HYORAULIC MANIFOLD PR (PSIG)
LP RELIEF VALVE (PSIG)
FSM TEMP (°F)
FSM PR (PSIG)
TURBINE SPEED (K—-RPM)
START
MIN-MAX PROGRAM
LUBE 014 TEMP (OF)
T
Te AUX
TURBINE SPIN PT (PSIG)
TURBINE SPIN TEMP (°F)
AMBIENT TEMP (°F)

*STARTED AT 122 PSIG
X STARTED AT 70 PSIG

ROCK

3250 +20/-10

3180 =15

97-117

78-75-20

NA

NA

122-170

122

Sl

42.5949.27

97-157

84154

910-913

NA

TILT

3120 =10
3250 +25/-10
105127
17-74-78
NA

NA

56--75

6768

N

51.%0

42.64-49.72

96-164

86-168

917-915

8¢-28

NA



TABLt 21

TESTS RESULTS ON

TEST NO P037-324

DATE 5/22/%0

HYDRAULIC SUPPLY PR (PSIG)

SECONDARY PR (PSIG)

HYDRAULIC RESERVOIR TEMF (9F)

HYDRAULIC RESERVOIR LEVEL (PCT)

HYDRAULIC RESERVOIR PR (PSIG)

HYDRAULIC MANIFOLD PR (PSIG)

LP RELIEF VALVE (PSIG)

FSM TEMP (9F)

FSM PR {PSIG)

TURB(NE SPEED (K- RPM}

LBE OIL TEMP (°F)

START

MIN-MAX PROGRAM

AL

T6 AUX

TURBINE SPIN PR (PSIG)

TURBINE SPIN TEMP (°F)

AMBIENT TEMP® (9F)

TYPE HIGH PRESSURE GNo SPIN TEST (1000 PS. G)

ROCK

3250 +15/-30

3180 +15/-10

1071268

76-76-81

NA

NA

0-128

137

53.51

42.44-49.20

104168

88-159

913-910

55—-46

NA

—— v ——

3206 £ 20
3256 +30/~10
5-139
78-75-19
NA

NA

0~ 94
67-66

137

53.98 .
42.12-49.80
103~169
91-173
916-913
75-28

NA
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TABLE 22

TESTS RESULTS ON

TESTNO  PO37-325
DATE  5i22/80
TYPE HIGH PRESSURE GNo SPIN TEST {3000 PSIG)
Rock
HYDRAULIC SUPPLY PR (PSIG} 3254 +15/-10
SECONDARY PR (PSIG) 1200 £15
HYDRAULIC RESERVOIR TEMP (°F) 109-129
HYDRAULIC RESERVOIR LEVEL (PCT) 77-76-81
HYDRAULIC RESERVCIR PR (PSIG) NA
HYDRAULIC MANIFOLD PR (PS:G) NA
LP RELIEF VALVE (PSIG) 0-128
FSM TEMP (OF) 69
FSM PR (PSIG) 133
TURBINE SPEED (K—RPM)
START 53.39
MIN-MAX PROGRAM 40.89-48.12
LUBE OIL TCMP T8 105188
6 AUX 85-177
TURBINE SPIN PR (PSIG) 912-910
TURBINE SPIN TEMF (°F) 82-1§

AMBIENT TEMP (°F)

NA

3200 £20
1290+30/-10
117-138
7-75-79
NA
NA
0--87

7-66

134

54.04
42.38-50.10
106-178
83-180
915-913
74-30

NA






GEARBOX POST TEST TEMPERATURE STABILIZAT.in

OBJECTIVE

To map the thermal conduction from the gearcase to tne APU N2H4
pump following a high pressure GN2 spin and a hot firing.

RESULTS

The gerrbox post test temperature profile during hign pressure GN2
spin tests and hot firings was obtained to study the effects of heat
transfer from the gearbox to the fuel pump on the N2H4 temperature and the
possibility of NoHy ignition. The data shows that the gearbcs skin ‘emper-
ature  stabilizes at 155°F (worst case) duri.g hot firings; and consequently
the temperature rise in the fuel pump reached 135-137°F with a 10-minute
stabilizaticn period (see figures 66 and 67). This temperature rise is
nct detrimental to the APU, or to the_NzH4 trapped in the fuel lines after
a hot €iring. GNZ spin tests e<perienced a lesser rise with the fuel pump
temperature reaching 115°F (worst case) and stabilized in 2 minutes. This
resuited from a lesser temperature cradient (as expected) in the gearcase.
Lube oil (gearbox) temperature for hot firings reached 181-188°F and for GN2
spin tests reached 166°F.

The measurements for this analysis were taken at the gearbox, fuel pump
top side, and fuel pump bottom side of rock APU. A1l readings are skin
measurements. GN2 spins utilized for this analysis were P037-317 and P037-323
with GN2 spin pressurec of 800 psig and 1000 psig respectively. Both spin
tests lasted 5 minutes. Mot firings involved were test P037-319 and P037-320.
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HYDRAULIC PUMP COMPENSATOR FAILURE SIMULAT:ON

OBJECTIVE

To simulate a hydraulic pump compensator failure and coserve 1its
effects on the TVC hydraulic system.

RESULTS

Test P037-329 and F037-330 were successfully conducted 2n June 2
and 4, 1980. Test P037-329 simulated the compensator faiiure in the
backup mode (only one APU operating) while test P037-330 simuiated the
failure during a nominal mission. The tilt hydraulic pump ccmpensator
was set to 3850-3900 psig prior to hot firing. The TVC subsystem performed
acceptably under the tests conditions encountered.

The TVC actuators followed the commands imposed similarl: .o nominal
runs (see figures 68 and 74). - Additional fuel usage resulted from the
greater nydraulic power output required by the new compensator setting (as
shown by the fuel supply module pressure decay in figure 69). This
condition was reflected by higher APU temperatures (figures 70 and 75),
but was not detrimental to the TVC subsystem operations. The APU turbine
ran at nominal speed for the backup mode test, but siiowed an increase in
speed band for the 100-percent operation hot firing. This degraded
performance resulted from the greater power output by the APU. This behavior
was nct present in test P037-329 because only tilt actuator was gimbaled.
The hydraulic fluid temperature increased more than in nominal hot firings
because of the greater heat dissipation resulting from the additional

PRECEDING PAGE BLANK NOT FILMLD
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hydraulic pump pressure output (figures 71 and 76 ). Consequently, the
reservoir level rose slightly more than in nominal runs. The hydraulic

pumpy maintained the required pressure throughout both hot firings. The
hydraulic supply pressure experienced a slight degree of instability caused

bv the additional hydraulic power output. The instability consisted of

rc e pressure oscillations and greater amplitudes (see figures 72 and 77).
Iis had no harmful effect in TVC hardware performance. The data show no high
; ~essure relief valve actuation due tc pressure surges. The hydraulic fluid
5.pply pressure experienced no clips and the APU performance diminished slightly
a: expected. The manifold return and reservoir pressures showed a slight increase
ir nominal pressure and pressure spikes as expacted. (See figures 78 and 79.)

F gures 73 and 80 show a selected transient area for each hot firing compared
t a nomiral run.

Tables 23 and 24 summarize the overall system's performance for each
tiring.

Prior to these hot firings, a series of GN2 spin tests were run to set
and verify this compensator setting. A minor probleu forced the repetition
of these runs when the hydraulic high pressure relief valve became active
saveral times during the spin tests. This lead to a turbine speed drop that
eventually violated the low speed redlines. Adjustments m.de before test
PO37-228 prevented this situation from reoccurring. An additional GN2 spin
(tost PO37-.51) was conducted without any problems following the last hot
firing to set and verify that the hydraulic pump compensator setting returned
to the original nominal pressure.
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TABLE 23

TEST RESULTS ON

TEST NO. P037-329
DATE /2/80
TYPE FULL DURATION HOT FIRING TILT SYSTEM ONLY

HYDRAULIC PUMP COMPENSATOR FAILURE SIMULATION BACKUP MODE

HYDRAULIC SUPPLY PR. (PSIG)
SECONDARY PR, (PSIG)

ACTUATOR DIFFERENTIAL PR. (PSIC)
HYDRAULIC RESERVOIR TEMP (%F)
HYDRAULIC RESERVOIR LEVEL (PCT)
HYDRAULIC RESERVOIR Pn. (PSIG)
HYDRAULIC MANIFOLD PR. (PSIG)

LP RELIEF VALVE PR. (PSIG)

CASE DRAIN PR, (PSIG)

FSM TEMP (°F)

FSM PR, (PSIG)

FUEL PUMP INLET PR, (PSIG)
MAXIMUM FUEL PUMP OUTLET PR (PSI5)
MAXIMUM GAS GENSRATOR PR_(PSIG)

GAS GENERATOR TEMP (9F)
TURBINE EXHAUST TEMP (°F)
TURBINE SPEED (K- RPM)
LUBE OIL TEMP T8

T6 AUX

121

TILY

3900 = 20

NA

NA (BAD MEAS.;
98 - 140

70 - 67 - 72
0-77

N2 (BAD MEAS..
112-180

NA

- 8S

367 - 268

358 - 263

NA

1400 (AT 15 SEC;
1450 (AT GIMBAL PROGRAM)

208 - 1151 (1175)
88 - 654

77.02 - 82.72

94 - 209

92 - 216



TABLE 23 (CONT ;

TEST RESULTS ON (CONT.}

TEST NO. F037-329

OATE 6/2/30

TYPE FULL DURATION HOT FIRING TILT SYSTEM ONLY
HYDRAULIC PUMP COMPENSATOR FAILURE

SIMULATION BACKUP MODE

VALVES CONDITION AND OPERATION

NYDRAULIC BYPASS VALVE
Fiv

Sov

SWITCHING VALVE

PCV CYCLING

CONDITION
VALVE TIME OPEN START
END
PERCENT OPEN
NG GIMBAL
5DEG/SEC
GIMBAL PROGRAM
END
OPEN TRANSIENT
CLOSING TRANSIENT
PRESSURE OSCILLATION
START TRANSIENT TIME

HYORAULIC PRESSURE OSCILLATIONS

50EG/SEC LOW-HIGH
GIMBAL PROGRAM
NOMINAL PRESSURE

LOW PRESSURE TRAKSIENTS

RESERVOIR
MANIFOLD

122

oK
oK
0K (110 PCT OPERATION)
0K (110 PCT DPERATION)

0K
150 MS
140 M8

239%
4%
31.9%
19.9%

0 MS
NA

*80 P8I
297 SEC,

2800 - 4100 PSIG
3500 - 4050 PSIG
3900 PSIG

75 - 85 PSIG 'S5 PSIG MIN.)
NA
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TABLE 24

TEST RESULTS ON

TEST NO. P0O37-330
DATE &/4/80
TYPE HYURAULIC PUMP COMP=NSATOR FAILURE SIN*!LATION HOT FIRING

Rocx Inr
HYDRAULIC SUPPLY PR, (PSIG) 3200 +25 3875+ 30/ -20
SECONDALY PR. (PSIG) 3840 £35 3200 + 30
ACTUATOR DIFFERENTIAL PF. (PSID) 240 £30 NA
HYDRAULI™ RESERVOIR TEMP. (°F) 84-110 92 - 133
HYORAULIC RESERVOIR LEVEL (PCT) 18-77-184 60 - 6671
HYURAULIC RESERVOIR PR. (PSIG) 50 - 68 713-19
HYDRAULIC MANIFNLD PR. (PSIG) 62~ 7 -1
LP RELIZF VALVE PR, (PSIG) W 45
CASE DRAIN PR. (PSIG) 62- 1 NA
FSM TEMP (°F) ” 83-34
FSM PR. (PSIG) m-m 383 - 275
FUEL PUMP INLET PR. (PSIG) 383 - 223 355 - 265
MAXIMUM FUEL PUMP OUTLET PR, (PSIG) LI NA
MAXIMUM GAS GENERATCR PR. (PSIG) NA 1200 (AT 15 SEC)

GAS GENERATOR TEMP (°F)
TURBINE EXHAUST TEMP (°F)
TURBINE SPEED (K—RPM)
LUBE DIL TEMP 16

T6 AUX

214 - 1126 (1132)
90 - 574 (584)
70.99 - 15.49
90 - 139

85 - 188

129

1325 (AT GIMBAL PROGRAM)
207 ~ 1147 (1152)

94 - 6C1 (623)

60.84 (54.43) - 75.81
8 - 184

87 - 186
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KSC COUNTDOWN SIMULATION TESTS

OBJECTIVE

To verify the KSC launch countdown procedures.
To demonstrate the operational validity of KSC prelaunch redlines.

To create a baseline to support flight data evaluation.

RESULTS

Tests P037-332, P037-334, and P(037-335 were successfull, conducted
from June 9 through 19, 1980. All objectives were met with no 1ifficulties.
Tables 25 through 27 show the results obtained from these runs.

Maximum and minimum parameter readings were implemented to obtain a baseline
for TVC performance based on the redlines implemented. The redlines imposed
during the countdown phase were comfortably passed. Test P037-333 was
ahorted after 142 seconds of runtime because an actuator prefiltration valve
was left open during pretest servicing. This condi.ion prevented the
actuator from following the imposed command during test. No anomalies or
component malfunction resulted from this mistake. All the hot firings
lasted 160 seconds.

PRECEDING PAGE BLANX MOT [ILMED
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ACTUATOR POST FIRING GIMBALING

OBJECTIVE

To demonstrate actuator gimtaling during the first 5 seconds
fullowing a ncrmal test cutoff.

To obtain the hydraulic supply p-essure and APU turbine speed
tr-nsient decay.

REsuLTS

At the end of tests P037-332 through P037-335, and prior to cutoff,
rock (til1t) actuator was commanded to 1.2 degrees extended (retracted)
at 1 deg/sec gimbal rate. The hot firing was terminated immediateiy there-
after. Two seconds later, an identical signal returned the actuaiors back
to null position.

The data shows that the actuators followed the commands imposed (see
figure 81). Tne hydraulic supply pressure experienced abnormal
oscillations, 7 cps and +600 psi, for that gimbal rate (figure 82).
However, the nominal pressure was maintained through the entire gimbaling.
The low hydraulic horsepower available in this area generated these pressure
cycles. The hydraulic pressure necessary to position the actuator was
obtained from the horsepower available during turbine speed decay. The
turbine speed dropped faster for these tests than for no gimbal cases
because of the increased hydraulic system flow demand. This produced a
faster decay in hydraulic supply pressure. for a normal cutoff, the turbine
wheel stops turning 9 to 10 seconds later. This time depends or where
the turbine speed peaked before cutoff. For these runs, the average slowdown
time was around 5 seconds. (See figure 83.)
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TEST PO37-332

TURBINE SPEED AND HYORAULIC PRESSURE OETAY
ACTUATOR POST-HOT FIRING GIMBALING
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RECYCLE TEST
TEST PO37-336

OBJECTIVE

To demonstrate recycle procedure in case of an abort during launch
and to obtain recycle time and data to map recycle operations.

REsuLTs

Test P037-336 was successfully conducted on June 23, 1980. It
consisted of a 15 second run simulating a flight abort prior to launch,
followed by a full duration mission (160 seconds). A recycle time of
40 minutes was obtained. This being the time it took the gas generator
temperature to fall within flight specification limits (190-2480F). No
other constraints were cbserved during this abort simulation. The data
shows good systems operation during both runs with no anomalies or hazards
presented by this sequence. Table 28 shows temperature and pressure
parameters of interests for this test.
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TABLE 28

TVC SUBSYSTEM PERFORMANCE

KECYCLE TEST
TEST PQ37 - 336

BOCK SYSTEM
st TED ABORY FULL DYURATION RUN

HYDRAULIC SUPPLY PR (PSIG) 3250 2240 + 20/—40
HYDRAULIC RESERVOIR TEMP (OF) 73 77 —105
HYDRAULIC RESERVOIR LEVEL (PCT) 74-73 74-73-79
LP RELIEF VALVE PR (PSIG) G-111 106147
FSM PR (PSIG! 376 - 363 363 - 278
GAS GENERATOR TEMP, (°F) 224 - 432 240 - 1128
TURBINE EXHAUST TEM? (OF) 83 — 199 83 - 614
LUBE OILTEMP  T6 NA NA

TEAUX 81— 88 81 - 190

SYSTEM
SIMULATED ABOR FULL DURATION RUN

HYDRAULIC SUPPLY PR. (PSiG) 3230 3220 + 30
HYDRAULIC RESERVOIR TEMP (OF) 81 84 - 114
HYDRAULIC RESERVOIR LEVEL (PCT) 74-71-72 73-71-77
LP RELIEF VALVE PR. (PSIG) 0-55 4-83
FSM PR (PSIG) 375 - 362 366 — 281
GAS GENERATOR TEMP (OF) 224 - 426 253 - 1135 (1140)
TURBINE EXHAUST TEMP (OF) 86 ~ 200 81 - 621
LUBE OIL TEMP (9F) T6 78 - 80 85 — 190

TEAUX 80 — 82 80 — 200

RECYCLE TIME 40 MINUTES

T1A0Q



KYDRAULIC BYPASS VALVE FAILURE SIMULATION

OBJUFCTIVE

To obtain the hydraulic fluid temperature and hydraulic level
behavior when the hydraulic bypass valve is left or fails open.

To observe the APU and hydraulic system performance.

RESULTS

Test P037-337 was conducted on June 23, 1980. No problems were
encountered during this run. The hydraulic bypass val.e was left intentionally
open for the 160 sec hot firing. The data shows a low hydraulic fluid
temperature rise. This was due to a very iow hydraulic hp and low heat
rejection to fluid. The reservoir level increased slightly as a result
of lower hydraulic temperature rise (see figures 84 and 85). As expected,
no level drop was observed during inftial pressure buildup. The APU turbine
operited nominally because of the low horsepower output required. The
actuators were not gimbaled during the test. Table 29 presents the overall
TVC subsystem performance for this hot firing.
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HYDRAULIC PUMP COMPENSATOR FAILURE TEST
HYDRAULIC MANIFOLD HIGH PRESSURE RELIEF VALVE OPEN

OBJECTIVE

To determine the consequences of a compensator failure simulation
and a leaking high pressure relief valve on the hydraulic system performance.

ReEsSULTS

Test P037-342 was conducted on July 15, 1980. The rock hydraulic
pump compensator setting was adjusted until the high pressure relief valve
in the hydraulic manifold relieved. This setting took place during a GN2
spin test, prior to this run. This resulted in a nominal hydraualic supply
pressure of 3950 psig. This hot firing lasted 152.5 seconds and was
aborted when the raock APU turbine speed stalled (see figure 87).

During the hydraulic pressure buildup following the bypass valve closed
conmand, the pressure peaked at 4500 psig and stayed above 4000 psig for 10 ms.
Then, it stabilized to 3990 psig in 110 ms (see figure 86). Crom there on,
the nominal pressure dropped steadily to 3860 psig at 150 sec (prior to cutoff).
Figure 88 shows the hydraulic supply pressure behavior Juring the entire run.
This pressure crop was caused by an APU turbine speed slowdown throughout
the test as it tried to maintain the required horsepower output. An oscillation
mode consisting of a 25-30 cps frequency and +125 psi appeared throughout
the run. The hydraulic fluid temperature experienced a lesser increase
(93-239°F) than for test P037-298. This indicates a lower hydraulic flow rate.
The actuators were held at null during this hot firing. The hydraulic reservoir
Tevel rise reflected the increase in hydraulic fluid temperature. The
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reservoir and manifcld return pressure reached 80 psig and maintained that
pressure for most of the test (see figures 89 and 90). This reflected
into higher low pressure relief valve pressures.

The APU operated off-nominally, as expected during this test. As the
bypass valve closed, the turbine speed dropped to 68 KRPM (in 200 ms)
continuing dropping to 40 KRRM 2 seconds later. The nominal speed stabilized
at 41 KRPM and diminished steadily to 37 KRPM near the end of the test. The
turbine stalled 4 seconds later at a 33 KRPM speed and reached zero rotation
2.5 seconds afterwards (see figure 88). The latter speed decay is normal
for low speed ccnditions. The low speed condition observed resulted from
the APU maintaining the required horsepower output. The primary speed control
valve remained open from the hydraulic bypasc valve closure to APU cutoff.
This occurred because the APU controller received a low speed signal and
commanded the valve to open. This prolonged valve opening lead to higher
gas generator and turbine exhaust temperatures (see figure 91).

Lube 0il temperature rose less than in a nominal speed test and closely
followed a high pressure GN2 spin tests behavior (see figure 92). The
FSM pressure decayed more than in nowinal tests because of the extra fuel
needed to maintain the horsepcwer output (figure 93). Table 30 presents
the overall TVC subsystem performance for this hot firing.
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PORTABLE CCMMAND SIGNAL COMTROLLER (PCSC)
FAILURE SIMULATION

OBJECTIVE

To determine the consequences of a command signal loss to the
actuators in the hydraulic system.

RESULTS

The tilt actuator was positioned to 3.5 degrees extended during
test P037-344. Then, the <ignal from the PCSC was interrupted, and the
actuator response obtained. The actuator returned to null position in
700 ms following a linear path. This signal loss produced a maximum
gimbal rate of 5.75 deg/sec. Consequently, the hydraulic supply pressure
dropped to 950 psig in 60 ms and maintained 1250 psig for 550 ms indicating
that the gimbal rate exceeded the hydraulic pump flow capabilities.
Hydraulic pressure recovery locked normal. Figure 94 shows the actuato.
commznds and positions when the loss of signal occurred. Figure 95
shows the actuatcr position and hydraulic supply pressure transients
during that period.
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ACTUATOR OFF-NULL FLIGHT CUTOF: (.o N

OBJECTIVE

To simulate a flight cutoff with the actuators in the off-null
position.

RESULTS

During test P037-345, the tilt actuator was positinned to 1 degree
extended. The position signal to the actuator was discontinued simulating
flight SRB separation from the orbiter. Both the commanc *~c<: signal and
the test cutoff signal were executed simultaneously. Actua:! -, the data
indicates 190 ms difference between both signals. The actua®rr returned to
null in 270 ms, following a linear path. The maximum gimbal rate was 5.4
deg/sec. The hydraulic supply pressure dropped to 950 psig in 60 ms and
recovered immediately. Figure 96 shows the actuator commands and positions
when cutoff, and command loss signals occurred. Figure 97 shows the
actuator position and hydraulic supply pressure transients for that period.
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FSM PRESSURE DECAY TEST 2

OBJECTIVE

To obtain the GN2 pressure variations due to temperature changes
inside the fuel system.

To obtain the GN2 pressure-temperature behavior during the FSM
pressurization operations.

RESULTS

Test P037-346 was conducted on July 22, 1980. For tnis run, the fuel
system was pressurized to 400+0/-25 psia and held at that pressure for 12
hours. Prior to this test, flight type insulation was added to the FSM, and
the line routing changed to meet STS-1 configuration.

The fuel system preSSurization.was monitored to obtain the pressure-
temperature behavior and validate actual TVC fuel servicing procedures, plus
prelaunch redlines. The data consisted of ullage, 1iquid ard ambient
temperature readings, and FSM pressure (P5) . The recults demonstrate that FSM
pressure reached stability 15 minutes after the GN2 pressure and purge valve
was closed. Most of the pressure drop occurred during the first 2 minutes.
Pressure uecay for the stabilization period totaled 20 psi. {403 to 383 psia)
Figures 38 and 99, plus tables 31 and 32 show the temperature-
pressure decay following the pressurization period.

The temperature-pressure variations were monitored for 12 hours.
While the ambient temperature épanged from 66 to 84°F, the ullage temperature
change totalled 6°F (78 to 84°F), and the total FSM pressure variation was 4.5
psi {378.5 to 383 psia). Table 3° shows the temperature-pressure variation
for this monitoring.

This test employed the rock FSM and fuel system and the data base of
the FSM pressure decay test 1.
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TIME

START

10 SEC.

20 Sk,

30 SEC.

48 SEC.

50 SEC,

60 SEC. (1 MIN)

10 SEC.

80 SEC.

90 SEC.

95 SEC.

100 SEC.

105 SEC.

110 SEC.

120 SEC (2 MIN)

TABLE 31

ZMINUTE PRESSURIZATION TRANSIENT

FSM PRESSURE DECAY TEST2
SKIN TEMP
s n
403 82
402 82
402 82
40 82
am 74
400 w
400 L 7]
39 ”
%7 12
387 82
3ad L ¥4
362 | ¥4
3s8 82
k! K] 82
k' 82

17

L1Q, TEMP ULi. TEMP
82 89
82 89
2 3¢
82 90
82 2
82 89
L ¥4 1)
$2 2
2 88
82 8
82 as
42 L]
L X] 38
82 87
13 87



TiIME

STARY
1 MIN,
2 MIN.
JMIN,
4 MR,
5 MIN,
5 MIN,
1 MIN.
8 MIN,
9 MIN.
10 MIN,
11 MIN,
1Z MIN.
13 MIN,
13 MIN 26 SEC.

403
430
4
i85
i85
385

114
4
k- N

k1)
k- &}
i

TABLE 32

PRESSURIZATION TRANSIENT
FSM PRESSURE DECAY TEST 2

SKIN TEMP

m

82
¥4
74
82
2
82
82
74
82
L 74
82
2

71

LI, TEMP UL TEMP

82 89

82 re

83 by

83 Su

83 LU

82 %5

83

83 3

83 '

83 &

13 85

83 85

3 13

13 "

13 L1)
Glereogs-
orp.
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TABLE 33

TEMPERATURE - PRESSURE YARIATIONS
FSM PRESSURE DECAY TEST 2

SKIA TEMP

TIME 1_1_ __L_IE_IE_!L 35._ ULl TeWP AME. TEMP
$:12AM 82 3 n3 %4 14
6:00 AM 81 81 o 19 &8
6:50 AM LA 30 3719 3 58
7:19:30 AM 81 18 173 19 )
1:40 AM 81 19 379 i ] 67
8:3C AM 30 78 3188 i | T1.8
2:20 AM 30 79 s 8 73
10:10 AM 80 14 | 3788 79 74
11:00 AM 80 1 3¢ 80 n
11:5% AM 81 K3 330 n L1
12:40 PN )] 3} k) 2 §1
1.30PM 815 52 381 2.5 4
220 P, 82 L 381 83 n
319\ 32 ¥4 i 82 50
4:00 F™ 2 82 i 23 79
4:50 PM 32 82 m 2 78
5:.40PM L¥4 n 380 t1 n

-
~4
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